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acetone  for,  138,  457-461 
alcohol  and  sugar  as,  335,  336 
antifreeze  peptide  as,  543,  544 
calcium  chloride  as,  455-457 
copolymers  in,  337,  339,  340 
in  deep  water,  59  et  seq. ,  73,  74 
glycerol  as,  456,  458  (Table),  461 
glycols  for,  4,  51,  81,  86,  94, 138 
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induction  time  (as  screening  criterion)  325, 
340-343,  432 

kinetic  means  of,  46,  51,  52,  56,  301-303, 

330 

and  crystal  size  and/or  morphology,  342, 
343 

effectiveness  of,  341-343 
evaluation  of,  by  laser,  330  et  seq., 
and  slow  crystal  growth,  443,  444 
and  subcooling,  342,  343, 442,  443 
techniques  compared,  562 
tests  of,  427-429,  442-145 
methanol  for,  4,  46,  48,  49,  52,  53,  59,  67, 

81,  84,  86,  94, 138,  530 
cost  of,  74 

and  well  temperatures,  67,  71,  72 
polymers  in,  303, 328,  337-340 
and  primary  nucleation,  52,  124 
and  rate  of  nucleation,  328 
surface  active  agents  in,  303,  328,  336-340, 
530 

and  temperature  of  pipeline,  87,  88 
and  winter  flounder,  543,  544 

J  OHNSON  SEA-LINK.  385 

K  ihara  potential  model,  347,  355,  356, 
414,415,451 

parameters  for,  416  (Table) 
kinetics  of  hydrate  formation,  283  etseq.,  31 1 
et  seq. 

Kubic  harmonics,  194 

1  abile  clusters,  287-292,  296,  297,  303,  307, 
308 

and  coordination  number,  288,  291,  292, 
297,  303,  308 

and  activation  energy,  291,  292 
lag  time,  in  nucleation,  549,  550 
Langmuir  constants ,  41,  346-348 
changes  in,  546 

and  configuration  integral,  203 
and  fitting  parameters,  347,  356 
and  guest-guest  interactions,  545-547 
and  guest-guest  energies,  547 
laser  light  scattering,  330  et  seq. 
lattice  dynamics  (LD),  187, 190, 191, 196,  208 
lattice  expansion,  347-349,  355 
and  guest  size,  347-349 
and  chemical  potential,  348,  349  (Table) 
and  stability  of  hydrate,  353 
LD  (See  lattice  dynamics  [LD]) 
Lennard-Jones  and  Devonshire  model  (See 
also  L-J  D  model),  30,  31,  187 
Lennard-Jones  |X)tential  model,  346,  355, 
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Lennard-Jones  (LJ)  diameter,  189,  349 
L-J  D  model,  30-32 
U  diameter  (See  Lennard-Jones  [LJ] 
diameter) 

logging,  of  wells,  360-363 

M  C  (See  Monte  Carlo  [MC]  simulation) 
MD  (See  molecular  dynamics[MD]) 
mechanisms  of  hydrate  formation,  283  et  seq., 
306  et  seq. 

memory  effect,  177,  182,  191,  192,432 
and  repulsive  guest-host  interactions,  208 
metastability  (See  hydrates,  formation  of) 
methane  (See  also  natural  gas;  hydrates,  gas, 
recovery  of  gas  from;  global 
warming,  under  climate  change, 
global;  biogenic  methane),  116 
amount  in  gas  hydrate,  235  (Table),  243 
atmospheric,  142,  143  (Table),  240,  241, 
243,  248,  270 

and  glacial  cycles,  240-242,  272,  381,  381 
and  greenhouse  effect,  4,  19,  142, 143 
(Table) 

recycling  of  in  sediments,  400,  401 
residence  times  in  sediment,  405 
scatter  plot  for,  41 
saturation  with,  393, 394 
solubility  of,  149,  485 
and  water,  146,  147,  150,  159 
and  entropy,  149,  150,  159 
and  free  energy,  152 
methane-nitrogen  mixtures,  equilibrium 
with,  417 

and  hydrate  formation,  rate  of,  420, 421 
phase  diagrams  for,  417,  418, 419, 420 
and  computer  predictions.  421 
molecular  dynamics  (MD),  16,  17,  187-204 
passim,  208,  306,  308,  567 
and  crystal  dissolution,  181, 182,  185 
and  dodecahedral  structure,  182,  183, 
185 

and  crystal  growth,  178,  179,  183, 185 
and  cluster  size,  184 
and  Monte  Carlo  simulations,  309 
Monte  Carlo  (MC)  simulation,  306, 309 
and  Langmuir  constants,  545-547 
multiphase  streams  (See  also  pipelines),  26, 
40  et  seq. ,  83,  94 

n  atural  gas  (See  also  methane),  24,  25,  27 
components  of,  in  water,  287  (Table) 
and  fuel  applications  (with  NGVs), 
521-524 

recovery  of,  from  hydrates,  18-20,  27, 565 
resources  of,  in  hydrates  (See  also  HFZ; 
occurrence  of  hydrates),  24,  26, 
130-134, 135, 141,  236,  565 
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development  of,  142 

storage  and  transportation  of  (in  hydrate 
state),  27, 141 

in  United  Arab  Emirates,  518  (Table) 
natural  gas  vehicle  (NGV),  521-524 
“freeze-up”  in,  521 
NGV  (See  natural  gas  vehicle  [NGV]) 
nitrogen  as  methane  contaminant,  412,  425 
NMR  studies  (See  also  '-’C  NMR 

spectroscopy),  12,  14,  162-164, 
166-173, 175,  189,  194 
North  Sea,  44,  58,  75 
nuclear  spin  density,  222  (Table) 

O  ccurrence  of  gas  hydrates  (See  also 

permafrost),  18,  128,  129,  132.  134, 
232  et  seq. 

in  Alaska.  226-230,  255  et  seq.,  256 
Kuparuk  oil  field  in.  228,  229,  233,  238, 
248.  256,  263-268 

North  Slope  in.  227,  228.  233,  238.  248. 
256.  257 

Prudhoe  Bav  in.  226,  228.  230,  233,  238, 
248,  256.  263-268.  566 
in  Arctic,  135,  137,  232,  233,  248,  496 
in  Beaufort  Sea,  229,  230,  233,  495.  496 
in  Black  Sea.  137,  229,  230 
Brazil,  106  et  seq. ,  1 14  et  seq. 
in  Canada.  495-496 
in  Eel  River  Basin.  384 
on  Nigerian  continental  slope,  383,  384 
in  oceans.  134.  135,  137,  229,  233-235,  567 
in  offshore  deptosits  (See  also  Brazil),  228, 
229,  232,  233,  235,  243,  383,  384 
in  Russia,  141,  225,  232.  236,  238,  247,  248 
in  sediment,  250,  382 
hydrate  content  in,  492—492 
hydrate  limit  in,  395,  396  (Table) 
test  system  as  model  for,  490-491 
in  shallow  waters,  381  et  seq. 

and  design  of  offshore  platforms,  382 
on  U.S.  continental  margin,  367-369 
in  Blake  Ridge  region,  368,  370, 372 
in  Carolina  Trough,  268.  373-375 
in  Western  Hemisphere,  226 
worldwide,  135,  229,  230,  233 
ocean  drilling  program  (OOP),  382,  392 
ocean  water,  temperatures  in.  1 16, 117,  134 
OOP  (See  ocean  drilling  program  [ODP]) 
OLGA,  57 

P  elotas  Basin.  106-108.  114,  115 
pentamer  ring.  180, 181,  185 
permafrost  (see  also  occurrence  of  gas 

hydrates),  226,  227,  228,  232,  233, 
243,  [look  these  out]  247  et  seq..  360, 
361 


and  chemistry  of  gas,  259 
distribution  of,  249 
formation  of  gas  hydrates  in.  265,  266 
methane  in,  amount  of,  235, 243 
pore  pressure  in,  258.  259 
salinity  of  pore  water  in,  260 
stability  of  gas  hydrates  in,  251-254,  272 
calculation  of,  260,  273 
temperatures  in,  257-259, 276 
and  melting,  275 

petroleum  fluid  phase  diagram,  426 
pigging,  50,  51 

pipelines,  26, 46  et  seq.,  75  et  seq. 

deep-water,  with  hydrate  curves.  426.  429 
design  margins  with.  89 
diameter  of,  84,  85,  141 
hydrate  formation  in,  46,  53 
modeling  of,  511-513 
thickness  of  layer  of,  512 
inhibitors  used  in,  46.  49,  51-53,  56-58 
insulation  and  burial  of,  4,  53.  56-58,  72 
multiphase  oil 

temperatures  and  pressures  in,  53,  54. 
55,  56.  57 

multiphase  wet  gas.  83 
flow  rate  in,  49-5 1 
liquid  mass  flow  in.  50,  51 
and  liquid  holdup,  50 
temperatures  and  pressures  in,  46.  47, 
48 

terrain  profile  of,  46,  47 
and  pressure,  44 
and  temperature,  87,  88 
PIPESIM  flow  simulator,  61-63,  66 
plugging.  19,  26,  50,  84,  85,  94  et  seq..  101, 
119,  124,  141.268,567 
chemicals  with  (See  also  inhibition  of 
hvdrate  formation),  90-92,  94, 
102-104 

and  dispersant  additives.  94,  96,  99, 
101-104.  105 
screening  test  for,  501 
and  dissociation  by  pressure  reduction, 
514-517 

apparatus  for  testing.  516 
pressure  profile  with,  516 
in  flow  simulator,  504-507 
kinetic  models  in,  353 
in  subsea  flowlines,  40 
Powell,  H.M..  31-33,  35 
primary  nucleation.  16,  17,  52.  326 
light  scattering  studies  for,  552,  554 
PROPSIM.440,  441 

r  adial  distribution  function,  193. 194, 
208-210,  541 
ramping.  215,  216,  219 
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reorientation  of  water,  168,  169  (Table).  563 
reversed  micelle,  468,  469,  481,  482 
CdS  crystallites  prepared  in,  468,  469,  474, 
475 

photocorrosion  characteristics  of, 
475-477 

enzymes  with,  472-474 

EPR  spectra  with,  478 

and  hydrate  formation,  469-472,  478,  479 

size  of,  473 

surfactants  in  relation  to,  479,  481-483 
rheological  studies,  95,  97, 528-531 
and  volume  changes  with  hydrate 
formation,  530 
rotating  autoclave.  526 
Russia  (See  also  occurrence  of  gas  hydrates). 
119  etseq. 

and  hydrate  publications,  5,  1 19,  130 

S  H  (See  structure  H) 
shutdown,  88 
simulation  of,  498-501 
slope  failure,  487,  490 
frequency  with  depth.  488, 489 
mapped  versus  hydrates,  488 
solubility,  147-150 
SOLVENT,  152 
stability  of  hydrates.  187  et  seq. 
statistical  thermodynamics  (See  van  der 
Waals  and  Platteeuw  model) 
structure  H,  9,  11,  15,  20.  161-163  (Table), 
164-166.  187,  191 
cavities  in,  345 

structures  1  and  11,  9,  13,  162,  163  (Table), 
162.  164-166.  168,  169(7'«Wf).  175, 
187-189,  191-193, 196,  199, 

212-214,  219,  254,  283,  306,  418,  566 
and  antifreeze  peptide  (I).  543,  544 
cavities 

number  of  (I  and  II),  344,  345 
size  of  (I),  345 

and  computer  simulation,  with  methanol 
(1),  540-542 

free  energy  calculations  for  (I),  537-539 
formed  in  reversed  micelle  (I),  470 


subcooling.  81-83.  84, 92.  127, 440-442.  443 
SYBYL»,  16 

t  ension  leg  platform  (TLP),  59,  60 
temperature  profiles  of,  69,  71 
calculations  for,  66 
and  elevation,  67,  68 
and  pressure,  68 
for  satellite  well,  68,  69 
TLP  (See  tension  leg  platform) 
translation  frequency  spectra,  197 
types  1  and  11  (See  structures  1  and  11) 

U  NESCO,  144 
UN1QUAC,41,452 
unit  cell 
size  of,  193, 195 
structural  properties  of,  345 
United  Arab  Emirates,  518-520 

V  an  der  Waals  and  Platteeuw  model. 

13-16,  187,  188, 193,  202-204,  207, 
284  (Table),  355, 414,  419,  451,  452. 
471 

and  Langmuir  constants,  545 
vibrational  density,  190 
viscometer,  301-303,  498,  499 
viscosity,  95,  96.  103,  302,  303, 529 
and  pressure,  500 

w  ell  (See  also  tension  leg  platform;  floating 
production  system),  59,  62.  63 
heat  transfer  in  (mathematical  model), 
62-65 

and  hydrate  formation,  72 
hydrate  formation  in,  45,  46 
during  blowout,  278-280 
kinetic  field  test  with,  428,  429 
temperature  profiles  in.  59,  62 
calculation  of,  66 

winter  flounder  antifreeze  peptide,  543,  544 

X  -ray  powder  dilTraction,  9,  162,  164,  171, 
172. 174.214 


